The purpose of this communication is to present the statistics of acute rheumatism in school children as they have appeared in the records of the local rheumatism service in one large city (Cardiff) during the 20-year period 1931-50. The particular circumstance which gives point to the study is the wellknown change which community experience of the disease has undergone in recent times: a progressive fall in mortality at ages 5-15 in England and Wales, and a reduction in the clinical severity of the acute manifestations. Glover (1946) described rheumatic fever as an obsolescent disease as far back as the early 1930s and has referred subsequently (Glover, 1952) to the remarkable fall in mortality. For rheumatic heart disease, however, the trend of mortality has been somewhat less clear-cut. Knowelden (1949) studied mortality from rheumatic fever and heart disease in England and Wales during the years 1920-38, distinguishing separately the experience of three age groups, 5-14, 15-24, and 25-34. Rheumatic fever showed a steady decline at all ages and in both sexes, but for heart disease the trend was not uniform. In the adult age group, for men an improvement was apparent only in the early part of the period, and for women there was virtually no improvement at all. In children, the death rates declined, but the trend showed a slight setback in 1933-35 with a sharper fall thereafter.
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In the context of its decline, many epidemiological features of acute rheumatism raise points of considerable interest. The association with streptococcal infection relates rheumatism to the problem of infectious diseases generally and of other streptococcal infections in particular, and the disease has a notable association with inferior living standards. Explanations of the declining mortality have been sought particularly in relation to these facts, and it is * This paper is an abridged version of a thesis submitted for the degree of Doctor of Medicine in the University of Wales. generally believed that both a change in the biology of streptococcal infection and a progressive improvement in the social condition of the population at large have contributed to the observed decline.
A number of important questions remain unanswered. What aspects of social change have been concerned in bringing about the decline in acute rheumatism? Was it, for instance, mainly due to improving material resources, to improved housing, or to better medical care? And, to consider a question of practical importance, if the country were to experience an economic depression in the near future does past experience suggest that this would be accompanied by a recrudescence of acute rheumatism? With these questions in mind the present inquiry-a retrospective study of acute rheumatism in Cardiff school children-was undertaken.
Conclusive answers cannot as a rule be expected from local inquiries, but local figures have a special importance when, as is the case with acute rheumatism, morbidity statistics on a national scale are lacking.
Source of Data and Method
The local circumstance which made the present inquiry practicable was the existence in Cardiff since 1929 of a special clinic for the observation of rheumatic children and a special hospital for "early cases of rheumatism",. operated jointly by hospital consultants and medical officers of the School Health Service. Since 1931 ascertainment of rheumatic heart disease was considered to have been fairly complete, and it was especially so from 1934 onwards, when the clinic was used also for the follow-up of children discharged from the paediatric wards of local hospitals. From the beginning general practitioners were encouraged to send patients to the clinic, and cases were also referred from the education and other departments of the local authority and from the fever hospital.
Throughout the 20-year period, it was the unvarying 160 policy of the school health service to refer all children suspected of rheumatism or rheumatic heart disease to the clinic; integration with the local hospitals and the co-operation of local agencies has remained a feature throughout; and it is fair to assume that the level of ascertainment in more recent years has been at least as good as it was in the early 1930s.
The clinic records dating back to 1931 were intact and included all cases under observation in that year. As it happened, the medical staff remained almost unchanged throughout, so that records were as uniform as is compatible with the medical advances which have occurred during the period. It was the custom to make a record of clinical findings on each occasion a child attended the clinic and to include a summary of progress during a stay in hospital.
Most children referred to the clinic proved to be non-rheumatic and to be suffering from postural pains, tics, and other conditions which may simulate rheumatism. Moreover, in the early years of the service, the grounds on which rheumatic fever and heart disease were diagnosed would not be acceptable by modern standards. The initial problem was therefore to make a retrospective diagnosis based on the available records of each child who had attended the clinic. This diagnosis took account only of the physical signs reported on the records; no child was considered rheumatic on the evidence of recorded history alone.
Despite the high standard of clinical recording, retrospective review was not easy. The considerable advances in methods of cardiological diagnosis and in our knowledge of the pathogenesis of acute rheumatism sometimes made the interpretation of earlier records difficult; and the criteria adopted for defining rheumatic patients had to take account of conflicting requirements:
(1) They had to be sufficiently precise for objectivity, yet elastic enough to allow for the clinical diversity of acute rheumatism. (2) They had to be acceptable in the light of modem views, yet suitable for the categorization of cases over a 20-year period. (3) They had to have regard for advances in diagnostic techniques, and yet they had to be applied uniformly. (4) Due weight had to be given to the opinion of examining physicians, yet cases diagnosed on inadequate grounds had to be excluded.
These requirements are not wholly reconcilable and a compromise had to be reached, which admitted certain defects in method. There was a subjective element in assessment; the criteria employed would not satisfy a stringent modern diagnostic standard; the categorization of more recent cases took account of radiological and other special findings, while that of earlier cases was usually made on clinical grounds alone.
One circumstance partly compensated for these drawbacks. The great majority of cases were under observation for at least one year, so that the final assessment was usually made not on the results of a single examination or of a short stay in hospital, but after a substantial period of observation.
Commonly, two types of case were referred to the Rheumatism Service: those with suspected active manifestations of acute rheumatism, and those thought to have established heart disease. Separate criteria were required for these two phases of the rheumatic process.
In this retrospective survey to determine which patients had acute rheumatic manifestations, the criteria, adopted with certain modifications, were those laid down for the M.R.C. Cortisone/Aspirin Trial (M.R.C. and Nuffield Foundation, 1954 Foundation, , 1955 , which in turn had been adapted from the classification of Duckett Jones (1944) . Rheumatic manifestations were divided into major and minor types; the major included carditis, polyarthritis, chorea, nodules, and erythema marginatum, and the minor included fever, a raised erythrocyte sedimentation rate, previous streptococcal infection within one month of the rheumatic attack, a history of rheumatic fever, and (where an E.C.G. had been done) a prolonged P-R interval. A diagnosis of acute rheumatism was considered to have been established by the presence of two major manifestations or one major and two minor.
Rigid adherence to criteria designed primarily for a clinical inquiry proved, however, to be impracticable, and modifications had to be introduced. Children were sometimes first seen in the late stage of an acute episode when signs of acute carditis remained but other manifestations had subsided. Provided the signs of carditis were unequivocal, such cases were included in the rheumatic category.
In the absence of clear cardiac involvement, it proved difficult to distinguish rheumatic pains from conditions simulating them and probably this form of rheumatism was underestimated in the review. Chorea in its florid form was more readily categorized.
Criteria for those with established heart disease had necessarily to be mainly clinical in character, though, where special investigation had been carried out, these results were taken into account. Except for the post-war years, however, cardiac involvement, both acute and chronic, had usually been diagnosed on clinical grounds alone.
For this particular series of cases, cardiac murmurs proved in practice to be the most important criteria. The main problem of interpretation centred in the loud apical systolic murmur without other abnormal signs. In the early period of established heart disease following an acute rheumatic episode this is often the only abnormal sign; and in the presence of a rheumatic history it was accepted for inclusion in the category of rheumatic heart disease. In the absence of a rheumatic history, interpretation is difficult. Sometimes observation revealed acute rheumatic manifestations or changes characteristic of mitral valve involvement. There remained, however, a small group of cases in which the systolic murmur was the only evidence of heart disease throughout, and the only practicable solution was to follow the opinion of the examining physician. Cases in which any doubt as to rheumatic pathology had arisen were excluded from the rheumatic groups.
Having differentiated the rheumatic patients by these criteria, two separate rheumatism groups were dis-ANNALS OF THE RHEUMATIC DISEASES tinguished, according to whether cardiac involvement was observed or not:
(1) Acute rheumatism with carditis, and patients with rheumatic heart disease. (2) Acute rheumatism without definite heart disease.
The groups are not wholly comparable. The first provides the basis of a best available estimate of actual levels of morbidity during the period under review: ascertainment appeared to have been fairly complete; cases not recognized as such in the acute phase could often be included later; and the retrospective review was not too rigorous to be compatible with reasonable precision. The second group does not purport to represent the true amount of acute rheumatism without definite cardiac involvement: ascertainment was much less complete; cases unless seen in an acute episode could not be included later; and a precise retrospective assessment of rheumatic polyarthritis proved impracticable. Analysis and arguments are therefore based primarily on the characteristics of the Group I cases, data from the second group being used only for comparison and support.
Apart from categorization it was necessary also to estimate the date of onset. Although cases were not admitted to a rheumatism category on the basis of history alone, the history was of course accepted for dating the onset of the disease. Thus the accepted date of onset for a child first seen in 1933 with chorea and having a history of a similar attack in 1931 would be 1931.
A general reservation must be made regarding these estimates because an acute episode may have been preceded by sub-clinical rheumatism. Further, even in children, a patient with established rheumatic heart disease not infrequently has no rheumatic history, and in computing morbidity indices it was necessary to adopt a convention for this type of case.
Indices of Incidence.-In calculating incidencei.e. the number of persons suffering from these diseases for the first time in any year, per 1,000 of the population at risk, or in current terminology "inception rates (persons)"-the number of persons becoming ill in any given year is counted. Alternative indices are obtained according as cases with an indefinite date of onset first coming under observation in the given year are or are not included. Both methods have been used.
These numbers when related to the mid-year school populations gave relatively rough absolute measures of sickness. For a school population, though composed predominantly of children aged 5 to 15 (5-14 before 1947), includes a proportion above this age attending grammar schools and a smaller number below 5 attending nursery schools and classes. Anomalies apply also to the age distribution of cases; in about 6-5 per cent. the illness began before the age of 5, probably before the patients had started school; and the age distribution shows a tailing off at ages 12 +.
These defects detract from the value of our indices as absolute measures of sickness, but their value for comparative purposes is less affected, since similar anomalies apply to each annual rate.
Indices of Prevalence.-Prevalence rates (persons)-i.e. the number of persons suffering from a disease in a given year (including those whose illness started in an earlier year) per 1,000 of the population at risk-have a somewhat more restricted meaning in the present context, since they are based only on the number of persons under observation in any given year (including those whose illness began in an earlier year). It was remarkable how frequently patients once referred to the clinic continued under observation until they left school, with only an occasional defaulter. Nevertheless, this index-"observational prevalence"-is a low estimate of the true prevalence.
The population at risk to which these numbers ought to be related is the total number of children attending school during the same year, but this figure is unobtainable. As in the case of inception rates, the mid-year school population is used, a fact which tends to overestimate the prevalence. To what extent these two opposing tendencies counteract one another cannot be ascertained.
A more fundamental consideration relates to the natural history of rheumatic carditis. Not infrequently signs of carditis subside, and in some cases the heart becomes clinically normal. In relation to prevalence, therefore, the question arises whether patients should form the basis of rates only while abnormal signs remain or whether they should be included throughout the period of observation once abnormal signs have developed.
On clinical grounds a case could be made out for either alternative. From a statistical standpoint, the first is so difficult technically and of such limited advantage that the latter procedure was adopted.
Preliminary Analysis
It proved impracticable to obtain data from outside sources which would enable such questions as the completeness of ascertainment of rheumatic cases to be studied. No objective external evidence can be presented. This section is concerned with internal analyses bearing on the validity of the data, and with certain aspects of rheumatic cases with cardiac involvement-the main group for the present purpose. In each category, girls are markedly in excess, particularly in Category 2 which is due to the heavy weighting with chorea. For Category 9, representing the largest section of the clinic population, girls were in excess throughout the period, but for the groups of true rheumatism the sex ratio fluctuated curiously (Table IV) .
Among cases with heart disease, girls were in excess in 1931-35 and 1941-45 , but not in the other two quinquennia. Among cases without definite heart disease, the excess of girls was most marked in 1936-40. No administrative circumstance could be found which might have biased sex representation during the period.
Since the trend is not uniform, the changing sex ratio is difficult to interpret. It will be recalled that individual surveys have shown variations of the sex ratio in regard to acute rheumatism ranging for instance from two boys to three girls in Belfast (Stevenson and Cheeseman, 1953) to less than four boys to five girls in the notification areas in England and Wales (Conybeare, 1951 There is also an interesting sex difference. For both groups of cases, signs of permanent cardiac damage were more frequent in girls than in boys. For the total of all cases and for those seen initially in an acute stage, the differences are significant at the customary level (9 5±3 9 per cent. and 13 * 0 ±6 * 2 per cent. respectively).
Two implications of these findings must be mentioned:
(i) Because cases in Category 1 did not necessarily display signs of heart disease throughout the period A classification of the records in four quinquennia according to length of history before ascertainment shows that as the years went by a rising proportion of patients were seen within one year of onset. Hypothetically, this might be attributable to a falling off in case-finding of established heart disease in the later years. There may possibly have been such a falling off during the war years, but taking the period as a whole it is much more likely that ascertainment became steadily more complete. To the extent that this is so, the actual decline in rheumatic heart disease will be understated by the indices employed.
Statistical Findings
Broadly the analyses it is proposed to introduce under this heading bring out two main facts:
(1) There was a substantial decline in the incidence of acute rheumatism and rheumatic heart disease during the 20-year period. The annual inception rates for rheumatism are shown in Table VIII , together with the annual apparent inception rates for cases in the nonrheumatic category. There is an interesting contrast between the trend for the rheumatic groups on the one hand and that for the non-rheumatic conditions on the other. Considering first the trend in incidence of rheumatic heart disease, three features are noteworthy:
(i) The striking decline; by 1950 the inception rate was only one-third of the level of that in the early 1930s.
(ii) Both measures of incidence show that the fall was most marked in the earlier part of the period.
(iii) This feature is shown clearly only by incidence rate (a). The year 1935 appeared to mark a turning point; incidence which had remained at a high level, though fluctuating widely during the preceding 4 years, fell abruptly by one-half and never regained its former high level. It is significant that this feature is obscured in incidence rate (b) The first comparison is with the trend in notification figures for scarlet fever in the city, the only useful data relating to streptococcal illness. The abrupt fall in the incidence of rheumatism in 1935 after a period of relatively heavy morbidity suggests the operation of a single factor and focuses attention on the possibility of a contemporaneous change in some characteristic of the streptococcus or its distribution.
The notification figures for scarlet fever (Table LX) 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 (Table XI) . It is well known that Cardiff, in common with other "depressed areas" was late in registering an improvement. No real advance was, in fact, made until 1937, but it is noteworthy that the incidence of rheumatism in the city had fallen 2 years before this improvement was registered. Other social improvements which occurred during the 1 930s are not easily expressed in numerical terms. Housing programmes, relief of overcrowding, and improved welfare services for mothers and children were all measures which might theoretically have influenced the rate of occurrence of the disease. Such benefits were not, however, on a scale or of a kind which might have been expected to produce a relatively dramatic fall in the incidence of rheumatism, and many were hardly begun in the first half of the decennium, and although advances were taking place in Cardiff during the 1930s, it is difficult to believe that they played a major role in the decline of the disease at the time.
Finally, chemotherapeutic agents came into increasing, and subsequently, widespread use from the late 1930s onwards; they may well have contributed latterly to the decline in rheumatism, but it is clear that they were not among the principal causes of the decline. Social Differentials.-In an effort to study the problem further, rheumatic cases were classified according to a social grouping. Recording of father's occupation was insufficiently precise to enable cases to be allocated to the RegistrarGeneral's social class grouping. The only available methods of studying social differentials were by reference to schools attended and to the Wards of the City in which patients resided. Both methods gave similar results and the former is now briefly described (grammar schools and special schools excluded).
Schools were grouped on a simple four-point social scale: I. Predominantly working class. II. Predominantly working class (new housing estates). III. Mixed working and middle class. IV. Predominantly middle class.
Ascertainment rates of the two designated forms of rheumatism (defined as the average annual number of cases ascertained per 1,000 of the average annual school population) were then computed for each group in the two decennia 1931-40 and 1941-50 (Table XII) . In the first decennium the rate for carditis in the middle-class schools was significantly lower than the rates for the other three groups, Group I being slightly in excess. In the second decennium a gradient remained, th tough the gap between the middle-class schools and the other schools was somewhat narrower. The percentage decline was very similar for Groups I to ILL. The conclusions which can be reached from a relatively rough social study of this kind are limited, but three points are worthy of mention:
(1) There is a relation with socioeconomic status.
The occurrence of rheumatism was consistent with the view that the less well-to-do experienced a relatively high incidence. It is possibly noteworthy that there was not a straightforward social gradient, the "mixed" schools having similar rates to the predominantly working-class groups. (2) Comparing decennia, for rheumatic heart disease, the social differential was somewhat less marked in 1941-50, but for other forms of rheumatism it remained the same. There was no dramatic change of the kind which might have been expected had incidence levels been closely related to the widespread lack of material resources which was a feature of the 1930s. (3) Morris and Titmuss (1944) , who studied mortality from rheumatism in the county boroughs of England and Wales during the 1930s, in conjunction with changes in unemployment figures. Their conclusion was that unemployment was an important factor per se in determining levels of mortality.
These findings cannot, however, be interpreted in isolation from the trend in total mortality at ages 5-15 over the same period. As with certain individual causes of death such as acute rheumatism, there is a general relationship between poverty and total mortality in childhood. It is therefore important to notice that the trend in total mortality in England and Wales at ages 5-15-a steady decline-was uninterrupted during the worst years of depression (Tables XIII and XIV) . Two facts in particular might be emphasized:
(i) Mortality from the infectious diseases which were of importance in the early part of the century and together accounted for a major part of total mortality, was falling dramatically;
(ii) The areas most affected by the economic slump shared in the general improvement.
The first point has an important implication. Apart from the special circumstances which can explain the decline in mortality from certain individual infectious diseases, the fact that they all declined simultaneously strongly suggests that socioeconomic betterment was also an important factor. It would be stretching coincidence too far to suggest contemporaneous changes in a number of hostparasite relationships all favourable to the host.
The second point was brought to light by an inquiry described in a Report of the Chief Medical Officer to the Ministry of Health (1932) . The inquiry failed to disclose any deterioration in health which could be clearly related to industrial distress and unemployment. The general death rate and infant mortality in certain representative depressed areas were higher than in the remainder of the country, but the proportionate decline in mortality in the depressed areas in the period of economic depression was actually greater than in the country as a whole. The inference drawn was this:
... We cannot escape the conclusion that there is at present no available evidence of any general increase in physical impairment or in mortality as the result of economic depression or unemployment.
During the slump period housing conditions did not deteriorate, but were in fact gradually improving as local authorities developed their housing programmes. Unemployment might have been expected to have other unfortunate consequences; there was, for instance, less money for food, fuel, and clothing, and it would not have been surprising if loss of morale had resulted in a lowering of the standard of child care. In the event, although deterioration in clothing and footwear was reported, nutritional standards were well maintained so far as school children were concerned, and the incidence of lousiness-a useful rough and ready index of child care-continued to decline. The evidence suggests that for this age group the intimate environment of the home deteriorated surprisingly little.
There are many difficulties in the interpretation of these facts. For instance, the steady fall in the average size of family since the beginning of this century both facilitates a higher standard of child care and is likely to reduce the risk of infection in the home. Standards of housing, though well known to be closely related to many health problems, do not appear to have a significant bearing on the juvenile mortality trend.
An hypothesis postulating a close relationship between incidence of disease and current economic conditions places rheumatism in a special category. This is the context in which the trend of morbidity in Cardiff is now considered. Interpretation is limited by a number of circumstances. The period under review is relatively short and nothing is known of incidence before 1931; the experience is local so that random fluctuations cannot be ruled out; the relevant epidemiological data are not complete. Our conclusions must necessarily be tentative, but three features of the trend appeared particularly significant: (1) Comparing average annual rates in quinquennia there was a consistent decline throughout the period. (2) The sharpest part of the fall occurred during the 1930s when economic improvement was least evident, and the decline had started 2 years before any substantial improvement in employment had been registered at all. (3) The decline began with an abrupt fall in 1935 after a period of high, though fluctuating, incidence.
There is no support here for the view that economic conditions per se were an important cause of the decline. Taking all the known facts into account, the trend agrees best with the hypothesis that a sharp decline brought about by some change in the properties or distribution of the streptococcus was superimposed on a progressive fall due to steady social improvement.
The general improvement in child health during 1931-50 occurred in a manner which suggests that, in so far as they are separable, socially determined factors such as the quality of maternal care were of greater importance than either economic standards per se, or the physical factors customarily thought important in disease causation. Such an explanation would be consistent also with the trend of rheumatism observed in Cardiff over the period surveyed. The assessments and other information required to establish the fact, however, are not obtainable.
If the decline in rheumatism were, indeed, so determined, it would follow that an economic catastrophe, even on the scale of the industrial depression of the 1930s, would be unlikely to reverse the present trend in the disease.
Summary
(1) Local statistics of the incidence of acute rheumatism and rheumatic heart disease for the years 1931-50 were derived from a retrospective review of the records of the Cardiff Rheumatism Service for school children.
(2) The following facts emerge from this study:
(a) A substantial decline occurred over the 20-year period. (b) (3) A base de estas cifras locales y de cosideraciones que simplemente a factores economicos o fisicos. Al ser generates se discuten las razones de la baja de esta correcto este punto de vista, la tendencia presente de enfermedad. Se sugiere que las causas sociales de esta regresi6n de esta enfermedad persistiria a pesar de una baja estarian ligadas mas estrechamente a factores crisis econ6mica eventual. domesticos, tales como mejores cuidados maternos,
